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a page read/write operation according to the page read/write
command. This method may allow a greater amount of data
to be handled by each read/write command, thereby reduc-
ing the number of required read/write commands. As a
result, a higher read/write rate and lower power consumption
can be achieved.

11 Claims, 5 Drawing Sheets

entering a page read/write mode which is configured by a reserved bitina | 5110
mode resgister of the DRAM

receiving a page read/write command including a page read/write enable $210
command which is configured by a reserved bit in a read/write command of I
the DRAM

performing a page read/write operation according to the page read/write | 5310
command




US 12,094,519 B2

Page 2
(56) References Cited CN 106356087 A 1/2017
CN 106547483 A 3/2017
U.S. PATENT DOCUMENTS CN 107667403 A 2/2018
10,020,036 B2 7/2018 Gupta et al. OTHER PUBLICATIONS
2014/0160876 Al* 6/2014 Gupta ..o G11C 8/00
365/238.5 First Search dated Dec. 21, 2020, issued in related Chinese Appli-
2015/0234595 Al* 8/2015 Satou ..., GOG6F 12/0868 cation No. 201811446001 .3 (1 page)
N . 71113 PCT International Preliminary Report on Patentability mailed Jun.
2016/0378366 A1* 12/2016 Tomishima .............. GLIC 8/12 10, 2021, issued in related International Application No. PCT/
’ ) | 7154 ©N2019/118878 (6 pages).
2017/0017434 Al /2017 Bang et al. First Office Action dated Jan. 7, 2021, issued in related Chinese
2017/0160946 Al 6/2017 Kodera et al.

CN
CN
CN
CN
CN
CN
CN
CN

FOREIGN PATENT DOCUMENTS

102142236
102684976
103403803
103870412
104156907
104850355
105572565
105575419

A

Al

A

A
A
A
A
A

8/2011
9/2012
11/2013
6/2014
11/2014
8/2015
5/2016
5/2016

Application No. 201811446001.3, with English machine translation
(13 pages).

Supplementary Search dated Jun. 8, 2021, issued in related Chinese
Application No. 201811446001.3 (1 page).

Second Office Action dated Jul. 5, 2021, issued in related Chinese
Application No. 201811446001.3, with English machine translation
(14 pages).

Supplementary Search dated Oct. 19, 2021, issued in related Chi-
nese Application No. 201811446001.3 (1 page).

* cited by examiner



U.S. Patent Sep. 17,2024 Sheet 1 of 5 US 12,094,519 B2

A s0C
16x256bit DRAMC PHY |e———<| DRAM
GPU |25 16@3200M
AXI
VIDEO  |LX¥28BIl A rpiter
AXI
DISPLAY 16x256bit
DRAMC PHY lee 2 | DRAM
16@3200M
FIG. 1
IO Il 12 ........................ 113 114 115
DO-D15 | D16~D31 | D32~D47]| e | D208~D223| D224~D239 | D240~D255

FIG. 2 (Prior Art)



U.S. Patent Sep. 17,2024 Sheet 2 of 5 US 12,094,519 B2

mode resgister of the DRAM

receiving a page read/write command including a page read/write enable

the DRAM

entering a page read/write mode which is configured by a reserved bitina | 5110

L . o ) 5210
command which is configured by a reserved bit in a read/write command of 7

performing a page read/write operation according to the page read/write | _~ 5310

command
FIG. 3
l D0~D15 |D16~D31 D32~DA4T | e D208~D223| D224~D239 | D240~D255
FIG. 4
DRAM Controller DRAM
CPU CMD CMD Control CA ca | CMD_
T Buffer [*] Sequence ™ PHY T 10 Decoding
GPU Circuit Cotrol
Arbiter v 1 Bark
VED Read/write
—> Data
ig Buffer | Data Control [P PQ - DQ o Data
&J_D_) Circuit PHY Io Control

Fig. 5



U.S. Patent

Sep. 17,2024

Sheet 3 of 5

AR1 Regicter Information{ma[58]=01g)

US 12,094,519 B2

OP{6]

OP[s]

OP{4] OP[2] | OP[1}

OP{]

Tvpe

RPST nWRifor AP} RD-PRE | WR-PRE BL
Fig. 6
. Register
Fuction Operand Data

XMote

BL
{Burst

Lengthy

QP{1:0]

.2 BE=i6 Sequential{defal
;3 BL=32 Sgquential
: BL=16 or 32 Sepuentialion-the-fly)

All Others: Reserved

Fig. 7

Fuction

Registey
Type

Operand

Data

Note

BL
{Burst

~

Length}

OP{1:0]

080z: BL=16 Sequentisi{defalt)
{lg: BL=3Z Sequential
10g: BL~16 or 32 Sequential{pn-the-fiyy

iy BL=16 or 32 or partial page Seqmential

Fig. 8




U.S. Patent Sep. 17,2024 Sheet 4 of 5 US 12,094,519 B2

SR
Conunand SR CA Pins{dy
Pias

N S CAD | CAYT | CAZ | CAS [ CA4  CAS | T - Modes
Copunand gdge

Write-LiWR-1} — o
L BAO |BAl [ Baz|iv| ¢ | AR | R

o
Pt
::Lo
=
[
i <4
m 3
t-<1~
&
[
poc
3]
L
[

¢
4]

Read-1{RD-1) , —
L BAG | BAL [Ba2|{ V| €9 | aP | R2

Ri

b
gt
[
aw

CAS-20Wrne-2, B L

At ) o » 1LES
L {C2 1|13 T4 5 Cg | OF B2
N S

.|
1

o H L H L |t I E
Read-HRD-1D) = ‘
L BAD | BAL | BA2 |5
(:’.»%3--3{"?’%";'{& -2 Adas B T H L
K Write-2,
Read-2MRR-ZMP L 2 | x| s | os | oe | 07| R2
Ch

il
o
i

f’\.
5
oo )
2
b
0

[y

@]
I
)

H

i

foed
Febaq
o
T
f

i o

Read-H{RD-1}

-

BAG | BAI | BAa2 |[{L | {9 | AP B2

CAS-2OWrite-2 Mas
o Write-2.
Read-2 MRR-Z AP I 2

0%

i

1
p
.
e
-
e
¥
7

foged
L5

(%]
o
¥

)

S

"

LA
f’\.
>y

1
2]
*]

Fig. 11



U.S. Patent Sep. 17,2024 Sheet 5 of 5 US 12,094,519 B2
/"\
H L H L L Loy LY R1
Read-1 (RD-1) — <
L BAO | BAl1 | BA2 \H) 9 AP R2
N
CAS-2(Write-2,MAS H L H L L H C8 R1
k Write-2,
Read-2, '\C/')RR'z'MP L c2| 3| ca|cs|ce| c7| R
Fig. 12
/ ~
H L H L L L [t H) R1
Read-1 (RD-1) — ~
L BAO | BA1 | BA2 \\H) 9 AP R2
CAS-2(Write-2,MAS H L H L L H c8 R1
k Write-2,
Read-2, '(\:/')RR'Z'MP L c2 | 3| cafes|cee| 7| R
Fig. 13
X8
Hold
- bank_sel
BAO~2 Bank —
P Addressing 7ol |,
Read/Write _ Page Read/Write | Module
Cs Command | Enable Cdmmand” |
d A 4
Commzfm Ca[5:0] | Command
Receiving » Decoding Mode Banko
Module Maodule Register — e
N (Reserved
Bits) Repd/Write_|
Command Column col_addr
.| Addressing (9:4) |
co9~C4 : Module d
+1' n

Fig. 14



US 12,094,519 B2

1

DATA READ/WRITE METHOD, DEVICE,
AND MEMORY HAVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation application of Interna-
tional Patent Application No. PCT/CN2019/118878, filed on
Nov. 15, 2019, which is based on and claims priority to and
benefits of the Chinese Patent Application No.
201811446001.3, filed with the China National Intellectual
Property Administration (CNIPA) of the People’s Republic
of China on Nov. 29, 2018. The entire contents of the
above-referenced applications are incorporated herein by
reference.

TECHNICAL FIELD

The present disclosure relates to the technical field of
memory devices and, more specifically, to a method and a
device of data read/write, and a memory having the same.

BACKGROUND

With the rapid development of the storage technology,
there are increasing demands for the storage/memory
devices that can be read and written faster and consume less
power.

As the data requested from the memory is often large, and
existing memory devices only support a short read/write
length, typically, multiple read/write commands are needed
to process one data access request, resulting in a limited
read/write rate. Moreover, for executing each read/write
command, various internal processing circuits of the
memory would need to operate and consume powers, caus-
ing a higher overall power consumption of the memory.

It is to be noted that the information disclosed in this
Background section is only for providing a better under-
standing of the background or context of the invention, and
therefore may contain information that does not form the
prior art that is already known to a person of ordinary skill
in the art.

SUMMARY OF THE DISCLOSURE

The present disclosure provides a data read/write method
to overcome one or more problems in existing read/write
methods in prior art.

The present disclosure also provides a data read/write
device and a dynamic random-access memory (DRAM)
suitable for the data read/write method to apply.

One aspect of the present disclosure may direct to a data
read/write method, applied to a dynamic random access
memory (DRAM), and comprising entering a page read/
write mode configured by a reserved bit in a mode register
of'the DRAM, receiving a page read/write command includ-
ing a page read/write enable command configured by a
reserved bit in a read/write command of the DRAM, and
performing a page read/write operation according to the
page read/write command.

In an exemplary embodiment of the present disclosure,
the page read/write mode may be configured by a reserved
bit in the mode register of the DRAM for configuring a burst
mode.

In an exemplary embodiment of the present disclosure,
the page read/write command may further comprise a page
read/write length command which indicates a read/write

10

15

20

25

30

35

40

45

50

60

2

length of each page read/write operation and is configured
by a burst length bit in the read/write command of the
DRAM.

In an exemplary embodiment of the present disclosure,
the page read/write length command may be configured by
both the burst length bit in the read/write command of the
DRAM and at least one column address bit.

In an exemplary embodiment of the present disclosure,
the at least one column address bit may include one or two
bits.

In an exemplary embodiment of the present disclosure,
the page read/write operation may read or write data in N/16
of one page, where 1=N=<16, and N is a natural number.

In an exemplary embodiment of the present disclosure,
N=1, 2, 4 or 8.

In an exemplary embodiment of the present disclosure,
the DRAM may include a Low-Power Double Data Rate 4
(LP-DDR4) synchronous DRAM (SDRAM), the reserved
bit in the mode register may include a reserved bit in an MR1
mode register to configure a burst mode, the burst length bit
may include a command bit corresponding to a CAS pin, and
the reserved bit in the read/write command may include a
reserved command bit corresponding to a CA3 pin.

In an exemplary embodiment of the present disclosure,
the DRAM may include a Low-Power Double Data Rate 4
(LP-DDR4) synchronous DRAM (SDRAM), the reserved
bit in the mode register may include a reserved bit in an MR1
mode register to configure a burst mode, the burst length bit
may include a command bit corresponding to a CAS pin, the
reserved bit in the read/write command may include a
reserved command bit corresponding to a CA3 pin, and the
at least one of column address bit may include a column
address bit corresponding to a CAO pin or column address
bits corresponding to CAO and CA1l pins.

In an exemplary embodiment of the present disclosure,
the page read/write operation may be performed in a linear
manner automatically.

In an exemplary embodiment of the present disclosure,
the page read/write operation may be performed across
different pages or not across different pages.

In an exemplary embodiment of the present disclosure,
the read/write length may be configured with respect to a
data amount requested by the page read/write command.

In an exemplary embodiment of the present disclosure,
the linear manner may include a starting address and an
increment from the starting address in each iteration.

In an exemplary embodiment of the present disclosure,
each of the reserved bit in the mode register and the reserved
bit in the read/write command comprises one or two bits.

Another aspect of the present disclosure may direct a data
read/write device, comprising a command receiving circuit
configured to receive a page read/write command which is
configured by a reserved bit in a read/write command of a
dynamic random access memory (DRAM), a command
decoding circuit coupled to the command receiving circuit
and configured to decode the page read/write command, a
mode register, configured with a page read/write mode and
coupled to the command decoding circuit, and an addressing
circuit coupled to the mode register and configured to select
an address for reading/writing data according to the page
read/write command to perform a page read/write operation
in the page read/write mode.

Another aspect of the present disclosure may direct to a
dynamic random-access memory (DRAM), comprising the
data read/write device as defined above.

In an exemplary embodiment of the present disclosure,
the DRAM may include at least one of a Double Data Rate
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4 (DDR4) synchronous DRAM (SDRAM), a Low-Power
Double Data Rate 4 (LP-DDR4) SDRAM, a Double Data
Rate 5 (DDR5) SDRAM, and a Low-Power Double Data
Rate 5 (LP-DDRS5) SDRAM.

According to the present disclosure, a greater amount of
data can be processed by each read/write command in a
DRAM, by using reserved bits in a mode register of the
DRAM as a switch of a page read/write mode and reserved
bits in a read/write command as an enable command for
enabling the page read/write operations. This can reduce the
required data read/write time and increase a data read/write
rate. Moreover, since the number of required read/write
commands is reduced, the relevant circuits can be triggered
less frequently, and overall power consumption of the
memory can be lowered significantly. Further, the reserved
bits in the memory can be made full use of, dispensing with
the need and cost to design new memories.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of this
disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the description, illustrate embodi-
ments consistent with the present disclosure and, together
with the description, serve to explain the disclosed prin-
ciples. It is obvious that these drawings present only some
embodiments of the present disclosure and those of ordinary
skill in the art may obtain drawings of other embodiments
from the accompanying drawings without exerting any
creative effort.

FIG. 1 shows a data access architecture of an embodiment
of the present disclosure.

FIG. 2 is an illustration of a conventional data read/write
mode of prior art.

FIG. 3 is a flowchart of a data read/write method accord-
ing to an embodiment of the present disclosure.

FIG. 4 illustrates a data read/write mode according to an
embodiment of the present disclosure.

FIG. 5 is a schematic diagram illustrating a data read/
write operation performed on a memory according to an
embodiment of the present disclosure.

FIG. 6 shows a standard LPDDR4 MR1 configuration
according to the JEDEC specification according to an
embodiment of the present disclosure.

FIG. 7 shows a standard configuration of a LPDDR4 MR1
burst mode according to the JEDEC specification according
to an embodiment of the present disclosure.

FIG. 8 shows a configuration of reserved bits in the
LPDDR4 MR1 burst mode according to an embodiment of
the present disclosure.

FIG. 9 shows a truth table for read/write commands of an
LPDDR4 according to an embodiment of the present dis-
closure.

FIG. 10 shows a truth table for a BL16 read/write com-
mand according to an embodiment of the present disclosure.

FIG. 11 shows a truth table for a BL32 read/write com-
mand according to an embodiment of the present disclosure.

FIG. 12 shows a command truth table for a page read/
write length of ¥4 page according to an embodiment of the
present disclosure.

FIG. 13 shows a command truth table for a page read/
write length of Y4 page according to an embodiment of the
present disclosure.
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FIG. 14 shows the architecture of a circuit for performing
page read/write operations in accordance with the present
disclosure.

DETAILED DESCRIPTION

Exemplary embodiments will now be described more
fully with reference to the accompanying drawings. How-
ever, these exemplary embodiments can be implemented in
many forms and should not be construed as being limited to
those set forth herein. Rather, these embodiments are pre-
sented to provide a full and thorough understanding of the
present disclosure and to fully convey the concepts of the
exemplary embodiments to others skilled in the art.
Throughout the figures, like reference numerals indicate
identical or similar elements, so any duplicate description of
them will be omitted.

As shown in FIG. 1, most existing system-level chips
including GPU, video, and display, employ Advanced exten-
sible Interface (AXI) interfaces for direct memory access
(DMA) to access dynamic random-access memories
(DRAMSs). Such an AXI interface has a typical bit width
(axi_size) of 256 bits and a typical data length of 8 or 16, that
is, each data access request requires 8 or 16 data chunks of
256 bits.

For example, an existing Low-Power Double Data Rate 4
(LP-DDR4) synchronous dynamic random access memory
(SDRAM) supports, in a burst read/write mode, a burst
length of 32 or 16 (i.e., BL32 or BL.16) and a DQ byte-width
of 16 bits. That is, each read/write command allows the
reading/writing of 32x16 or 16x16 bits. In the case of BL.16,
where each read/write command handles 16x16 bits, 16 such
commands can satisfy one access request from the AXI
interface, which requires the handling of 16x256 bits, as
shown in FIG. 2. Similarly, a burst length of 32 will require
8 such read/write commands. Each of these commands may
lead to some power consumed due to operations of circuits
of the input/output (I/O) of DRAM, /O at a chip system-
level, and command processing at a chip system-level. More
power may be consumed by termination resistors triggered
when the LPDDR4 device is operating at a high speed. Due
to such high power-consuming data read/write operations,
the overall power consumption of the existing memory
devices is high.

In embodiments of the present disclosure, a data read/
write method is provided for allowing a high read/write rate
with lower power consumption. This method may be suit-
able for use with any one of a Double Data Rate 4 (DDR4)
SDRAM, a LP-DDR4 SDRAM, a Double Data Rate 5
(DDRS) SDRAM, and a Low-Power Double Data Rate 5
(LP-DDRS5) SDRAM.

As shown in FIG. 3, a data read/write method applied to
data read/write operations of a DRAM according to an
embodiment of the present disclosure may include the
following steps.

In Step S110, a page read/write mode configured by
reserved bits in a mode register of the DRAM is entered.

In Step S210, a page read/write command including a
page read/write enable command configured by reserved bits
in a read/write command of the DRAM is received.

In Step S310, a page read/write operation is performed
according to the page read/write command.

A typical page size of a SDRAM device is 1 KB or 2 KB.
One page may be equally partitioned into a number of
segments. Hach segment may be taken as a read/write length
of each read/write command, so that a greater amount of
data can be read or written by each read/write command.
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Such a page read/write command can dramatically increase
the amount of data that can be read or written by a single
command, for example, up to 16x256 bits, compared to
32x16 or 16x16 bits by a conventional burst read/write
command. In this way, one data access request can be
fulfilled with only a single read/write command, as shown in
FIG. 4.

Conventional memories typically maintain some reserved
bits for extension. These reserved bits may be used to
construct page read/write commands. In this way, such
existing memories may be made full use of, dispensing with
the need and cost to design a new memory. According to the
embodiment of the present disclosure, a page read/write
operation can be performed in a DRAM by using reserved
bits in a mode register of the DRAM as a switch of a page
read/write mode and reserved bits in a read/write command
as an enable command for enabling the page read/write
operations. This can reduce the time required for data access
and allow a higher data read/write rate. Moreover, since the
number of required read/write commands is reduced, the
relevant circuits may be triggered less frequently, greatly
lowering the memory’s overall power consumption. Further,
the reserved bits in the existing memory can be made full use
of, dispensing with the need and cost to design new memo-
ries.

The data read/write method disclosed in embodiments of
the present disclosure will be described in greater detail
below using a LPDDR4 SDRAM as an example.

As used herein, a data “read/write” process may include
reading data from and writing data into a memory. There-
fore, the data read/write method of the present disclosure
may comprise a data read method and a data write method.
Similarly, as used herein, a read/write method, command, or
mode may comprise a read method, command, or mode, and
a write method, command, or mode. In addition, the method
of the present disclosure may be used either to read data
from or write data into a memory, or to simultaneously read
data from and write data into a memory.

As used herein, a “page” may correspond to a collection
of each row of a memory bank. A read/write data operation
may be performed under a page read/write command with a
read/write length of a fraction of each page’s data amount.
The mode register may be configured to set a certain
operating mode of the memory. The mode register of the
memory may be configured to a page read/write operating
mode to perform the page read/write operations. Specifi-
cally, the operating mode for the page read/write operation
may be configured with reserved bits in the mode register,
such that the reserved bits may serve as a switch for enabling
or disabling the page read/write mode. In this way, the
reserved bits in the mode register can be fully utilized.

The page read/write commands may be sent to the DRAM
by a memory controller (DRAM controller) configured to
coordinate signal interactions between a central processing
unit (CPU) in a control system and the DRAM to ensure
valid data transfers, as shown in FIG. 5. The memory
controller may configure the row addresses, column
addresses, an access timing, refresh constraints, timing
parameters, etc., and create the read/write commands
according to read/write requests to achieve data transfers. Of
course, the memory controller may be configured to create
only page read/write commands, or page read/write com-
mands and burst read/write commands. In this way, data
read/write of the memory may be accomplished by page
read/write operations, or other read/write operations such as
burst read/write operations.
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In this embodiment of the present disclosure, in step S110,
the page read/write mode is configured by reserved bits in
the mode register of the DRAM for configuring a burst
mode.

Specifically, according to the Joint Electron Tube Engi-
neering Council (JETEC) specification, among existing
LPDDR4 mode registers, an MR1 mode register has 8 bits
for storing various operating modes including pre-write,
pre-read, burst length, etc. As shown in FIG. 6, 2 out of the
8 bits are reserved to configure a burst read/write mode, and
burst lengths are configured by binary numbers. As shown in
FIG. 7, conventionally, “00” represents a burst length of 16
(default), “01” represents a burst length of 32, and “10”
represents a burst length of 16 or 32 (on the fly), and “11”
are reserved. As such, in the present disclosure, the reserved
“11” may be utilized to configure a page read/write mode.
For example, as shown in FIG. 8, the reserved “11” may be
configured as any of the following three modes, BL.16 burst,
BL32 burst, and page read/write. In other words, the
memory may perform either in a burst read/write or a page
read/write at the reserved “11”. In some other types of
DRAMs in which the burst lengths may be defined by a
three-digit binary number, the page read/write mode may be
accordingly configured by a three-digit binary number. In
other types of DRAM in which the burst lengths may be
configured in other mode registers, the page read/write mode
according to the present disclosure may be configured by
reserved burst length bits in those mode registers. Of course,
although not enumerated herein, the page read/write mode
may also be configured by reserved bits in the mode register
for other functions.

In step S210, the page read/write commands may contain
a read/write enable command indicating whether the page
read/write operations are to be performed. The read/write
enable command may be configured by reserved bits in
read/write commands of the DRAM. In this way, full utili-
zation of reserved bits in the read/write commands can be
achieved. According to the page read/write commands, data
may be written into or read from the memory.

For example, in the LPDDR4 mode register as shown in
FIG. 9, a bit in the read/write command corresponding to a
CA3 pin is a reserved bit and utilized to configure the page
read/write enable command in this embodiment. When a
high level voltage is received at the corresponding pin, page
read/write operations may be performed. When the received
voltage level is low, burst read/write operations may be
performed. For the example of an AXI command for reading
16x256 bits, a burst read operation may be performed when
the CA3 pin is at a low level, and a page read operation will
be performed when the CA3 pin is at a high level.

In an embodiment of the present disclosure, in step S210,
the page read/write command may further include a page
read/write length command indicating a read/write length of
each page read/write operation. The page read/write length
command may be configured by burst length bits in the
read/write command of the DRAM, so that the burst length
bits may be used to choose a burst length in the burst
read/write mode or to choose a page read/write length in the
page read/write mode.

As shown in FIG. 10, a bit in the LPDDR4 controller
read/write command corresponding to a CAS pin and
reserved as a burst length (BL) bit may be utilized as the
page read/write length command for choosing a page read/
write length in this embodiment. In this embodiment, the
page read/write length command may comprise two differ-
ent read/write lengths. For example, in the page read/write
mode, when the burst length bit is at a high level, each page
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read/write command may read or write Y4 page of data. For
example, for an AXI access command requesting a read of
16x256 bits of data, as the data amounts of 16x256 bits are
512 bytes (B) or Y4 page, the length of the data is % page.
Thus, the data can be read with only one-page command in
one read operation, thereby greatly reducing the number of
required commands. When the burst length bit is at a low
level, each read command may read V% page of data, so two
page read commands may be needed to read the requested
data. The same may apply to write requests. In addition, the
page read/write length represented by the burst length bit
may comprise other lengths, for example, Y4 page at high
level and %s page at low level, or %16 page at low level and
V4 page at high level. As long as they are different at different
levels, one of the two different page read/write lengths may
be chosen to meet the needs of different amounts of
requested data.

A page read/write operation according to the present
disclosure will be described in greater detail below in
continuation with the example of an AXI access command
requesting a read of 16x256 bits data. The data read process
may begin with checking the binary value of the burst mode
bits in the mode register. If it is “11”, data may be read either
in a burst manner or in a page manner. If the level of the pin
CA3 is low, data may be read in bursts. Subsequently, if the
level of the pin CAS is low, the data may be read at a burst
length (BL) of 16 and require 16 commands, as shown in
FIG. 10. If CAS is high, the BL is 32, and the data may be
read with 8 commands, as shown in FIG. 11. If CA3 is high,
page read may be performed. In this case, data may be read
with 2 commands with a page read length of Y4 page when
CAS is low, as shown in FIG. 12. Only one command may
be need to read data with a page read length of %4 page when
CAS is high, as shown in FIG. 13. As can be seen, the page
read approach requires far fewer read operations.

As the above embodiment provides only two read/write
length options, applications thereof are rather limited. In
order to address more diverse data amounts that may be
requested, the range of available page read/write lengths
may be expanded to provide more options. For the example
of LPDDRA4, if the available page read/write length options
only comprise Yis page and Y% page, then at least two page
read/write commands will be needed to fulfill a task requir-
ing a Y4 page data transfer. If an additional page read/write
length of %4 page is configured, then the task can be
accomplished with only one page read/write command,
thereby further lowering the power consumed in the read/
write process. Accordingly, in one embodiment of the pres-
ent disclosure, the page read/write length command may be
configured by both the burst length bits in the read/write
command of the DRAM and one or more column address
bits. In the page read/write mode, the column address bits
may encode an access length, and together with the burst
length bit in the page read/write command, provide binary
numbers of two, three, or more digits of, thus providing
more page read/write length options. The burst length bit
may be combined with 1 column address bit to provide a
2-digit binary number offering 3 or 4 page read/write length
options, or with 2 column address bits to provide a 3-digit
binary number offering 4 to 8 page read/write length options,
or with 3 column address bits to provide 4-digit binary
number offering 9 to 16 page read/write length options, and
so forth. In this way, a more suitable page read/write length
can be chosen for an access request of a certain amount of
data in order to minimize the number of required page
read/write commands. As a result, a higher read/write rate
and lower power consumption can be achieved.
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In one embodiment of the present disclosure, the number
of the column address bits may be one or two, and the
read/write length command may comprise 3-8 different
read/write lengths accordingly, which can apply to existing
available DRAM devices. For example, in an embodiment
of the present disclosure, as shown in FIGS. 9, C2 and C3
column address bits corresponding to the CAO and CA1 pins
of the LPDDRA4, respectively, may be used for page read/
write length encoding. They can be combined with the burst
length bit corresponding to CAS to provide a 3-digit binary
number offering up to 8 page read/write length options.
Alternatively, only the C2 column address bit corresponding
to CAO may be selected and combined with the burst length
bit corresponding to CAS to provide a 2-digit binary number
offering up to 4 page read/write length options. In this case,
the C3 column address bit corresponding to CA1 can be used
for column addressing.

In one embodiment of the present disclosure, each read/
write command may enable a read/write of data in an
amount equal to N/16 of that contained in one page, where
1=N=<16, and N is a natural number. By dividing the data in
one page into 16 chunks, the amount handled in each
read/write operation may range from Yis of the data to the
whole of it. N may be either even or odd. This can be
configured by the page read/write length command accord-
ing to actual requirement.

In one embodiment of the present disclosure, N may be
equal to 1, 2, 4 or 8, corresponding to a data read/write
length of Yie, Y5, Y4, or % of one page for each page
read/write command. With this arrangement, data transfer
requirements of existing LPDDR4 devices can be well
satisfied. For example, a page data size of a LPDDR4 device
is usually 1 KB or 2 KB. When a page data size is 2 KB, and
one AXI access command requests 16x256 bits of data,
given 16x256 bits=512B=V4 page, the AXI access command
may be fulfilled with only one page read/write command
configured with a page read/write length of Y4 page (i.e.,
N=4) according to this embodiment. If the read/write length
is chosen as % page (i.e., N=8), then two page read/write
commands will be required. Similarly, in case of a page data
size is 1 KB, an AXI access request to 8x256 bits (i.e., 256B
or Y& page) can be handled with one page read/write com-
mand with a read/write length of ¥ page (i.e., N=8) or with
two page read/write commands with a read/write length of
V16 page (i.e., N=16). As another example, for a page data
size of 1 KB, an AXI access request to 16x256 bits (i.e.,
512B or % page) can be accomplished with one page
read/write command with a read/write length of /2 page (i.e.,
N=2) or with two page read/write commands with a read/
write length of Y4 page (i.e., N=4). Although not further
listed herein, in other embodiments of the present disclosure,
N may also be set to 1, 2, 4, or 8 for a LPDDRS, DDR4, or
DDRS device.

In one embodiment of the present disclosure, a page
read/write operation may be performed in a linear manner
from a certain starting address along a certain read/write
direction. That is, a byte data may be received or written in
an automatic manner simply by incrementing the address by
at least one iteratively. Linear burst data transfers may
efficiently utilize the bus bandwidth for transferring data
with less unnecessary addressing actions. In other embodi-
ments of the present disclosure, a page read/write operation
may also be performed in a cross-over manner.

In one embodiment of the present disclosure, a page
read/write operation may be performed across different
pages or not cross different pages. The read/write method of
the present disclosure is applicable to memories that support
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cross-page reading/writing. That is, if the current page
read/write command is not completed yet when data of the
current page has been read/written, the current page read/
write command may continue a new page until the command
is completed. For example, at a page read/write length of %
page, a first page read/write command may handle % of the
current page, and a second page read/write command will
handle the remaining % of the current page and %% of the
next page. The read/write method of the present disclosure
may also be applied to memories that do not support
cross-page reading/writing. In this case, each command
must be completed within the same page. For example, at a
page read/write length of % page, a first page read/write
command may handle % of the current page, and a second
page read/write command may handle 34 of the next page.

It will be appreciated by those skilled in the art that, in the
above embodiments, the different read/write modes and
read/write lengths represented by the voltage levels may be
interchangeable, and the present disclosure is not particu-
larly limited in this regard.

In embodiments of the present disclosure, there is also
provided a data read/write device for implementing the data
read/write method as disclosed above, to allow page-wise
data reading/writing in a memory. For example, as shown in
FIG. 14, the device may include a command receiving
circuit, a command decoding circuit, a mode register, and an
addressing circuit. The command receiving circuit is con-
figured to receive a page read/write command as described
above from CA pins. The command decoding circuit is
coupled to the command receiving circuit and configured to
decode the page read/write commands. The mode register is
provided with a page read/write mode and is configured to
select and activate the page read/write mode. The addressing
circuit is coupled to the mode register and configured to
select addresses for reading/writing data according to the
page read/write commands to perform page read/write
operations in the page read/write mode.

The addressing circuit may include a bank addressing
circuit and a column addressing circuit. The bank selecting
circuit is coupled to both the command decoding circuit and
the mode register and is configured to selecting a bank for
reading/writing data according to the page read/write com-
mand and the page read/write mode. The column addressing
circuit is coupled to both the command decoding circuit and
the mode register and is configured to select a column
address for reading/writing data according to the page
read/write commands and the page read/write modes.

When receiving the page read/write commands, the read/
write device decodes the commands and activates the page
read/write mode. The bank addressing circuit then selects a
bank, and the column addressing circuit selects a column, to
perform the read/write operations. Once a bank is selected,
a data read/write process may proceed therein. Once a
column is selected by the column addressing circuit, the data
read/write process may proceed in an automatic and con-
tinuous manner, across columns consecutively addressed by
the column addressing circuit through incrementing the
selected address by one iteratively. The number of the
iterations may be determined by the page read/write length,
i.e., the aforementioned read/write length represented by the
combination of the bit corresponding to CAS and the column
address bit(s).

In embodiments of the present disclosure, there is also
provided a DRAM comprising the data read/write device as
disclosed above. The memory may handle a greater amount
of data in each read/write operation, thereby reducing the
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number of required read/write operations. As a result, a
higher read/write rate and lower overall power consumption
can be achieved.

The DRAM may include any one of a DDR4 SDRAM, a
LP-DDR4 SDRAM, a DDR5 SDRAM, and a LP-DDR5
SDRAM.

Although relative terms such as “upper” and “lower” may
be used herein to describe a spatial relationship of one
component to another in a device shown in the figures, they
are used merely for the purpose of easy description based on,
for example, the exemplary orientation depicted in the
figures. It is to be understood that if the illustrated device is
turned upside down, then the component described as being
“upper” will now be a “lower” component. When a certain
structure is described as “on” another structure, it is possible
that the specific structure is either integrally formed on the
other structure or disposed thereon “directly” or “indirectly”
via an intervening structure.

As used herein, the terms “a”, “an”, “the”, “said” and “at
least one” are intended to mean that there is one or more
elements/components/etc. As used herein, the terms “com-
prising” and “having” are intended to be used in an open-
ended sense to mean that there are possibly other element
(s)/component(s)/etc. apart from the listed element(s)/
component(s)/etc.

Other embodiments of the present disclosure will be
apparent to those skilled in the art from considering the
specification and practicing the invention disclosed herein.
Accordingly, this disclosure is intended to cover all and any
variations, uses, or adaptations of the disclosure which
follow, in general, the principles thereof and include such
departures from the present disclosure as come within
common knowledge or customary practice within the art to
which the invention pertains. It is also intended that the
specification and examples be considered as exemplary only,
with true scope and spirit of the disclosure being indicated
by the appended claims.

The invention claimed is:

1. A data read/write method for a dynamic random-access
memory (DRAM), comprising:

entering a page read/write mode configured by a reserved

bit in a mode register of the DRAM;
receiving a page read/write command including a page
read/write enable command configured by a reserved
bit in a read/write command of the DRAM; and

performing a page read/write operation according to the
page read/write command, wherein the page read/write
command further comprises a page read/write length
command, the page read/write length command indi-
cates a read/write length of each page read/write opera-
tion and is configured by a burst length bit in the
read/write command of the DRAM, and

wherein the DRAM includes a Low-Power Double Data

Rate 4 (LP-DDR4) synchronous DRAM (SDRAM),
the reserved bit in the mode register includes a reserved
bit in an MR1 mode register to configure a burst mode,
the burst length bit includes a command bit correspond-
ing to a CAS pin, and the reserved bit in the read/write
command includes a reserved command bit corre-
sponding to a CA3 pin.

2. The data read/write method according to claim 1,
wherein the page read/write length command is configured
by both the burst length bit in the read/write command of the
DRAM and at least one column address bit.

3. The data read/write method according to claim 2,
wherein the at least one column address bit comprises one or
two bits.
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4. The data read/write method according to claim 2,
wherein the at least one of column address bit includes a
column address bit corresponding to a CAO pin or column
address bits corresponding to CAO and CAl pins.

5. The data read/write method according to claim 1,
wherein the page read/write operation reads or writes data in
N/16 of one page, wherein 1=N<16, and N is a natural
number.

6. The data read/write method according to claim 5,
wherein N=1, 2, 4 or 8.

7. The data read/write method according to claim 1,
wherein the page read/write operation is performed in a
linear manner automatically.

8. The data read/write method according to claim 7,
wherein the linear manner includes a starting address and an
increment from the starting address in each iteration.

9. The data read/write method according to claim 1,
wherein the page read/write operation is performed across
different pages or not across different pages.

10. The data read/write method according to claim 1,
wherein the read/write length is configured with respect to a
data amount requested by the page read/write command.

11. The data read/write method according to claim 1,
wherein each of the reserved bit in the mode register and the
reserved bit in the read/write command comprises one or
two bits.
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